four patients were in congestive heart failure. Two children were referred because of murmurs noted in the neonatal period and two because of failure to thrive. Physical Signs.
All cases had the typical svstolic pulmonary ejection murmur, and in all but one case it was noted that the seconld sound in the pulmonary area was widely split, and that the splitting did not vary with respiration. In five cases an earlv diastolic murmur was heard at the left sternal margin and two had a mid-diastolic murmur insi(le the apex. Radiography.
The characteristic features of atrial septal defect-a large pulmonary conus w-ith increased hilar vascularity-were noted in thirty-nine of the fortv cases submitted to surgery. One case with associated high grade pulmonary valvular stenosis had normal pulmonaryr vascularitv.
Electrocardiography.
In the present series twenty-six cases (65 per cent.) showed the rSR pattern without lengthening of the QRS complex, described as "incomplete right bundle branich block," four had complete right bundle branch block (age 9, 16, 17, and 20 years) while nine had records indicatinig right ventricular hypertrophy.
One record was normal. None of the patients submitted to operation had left axis shift. Cardiac Catheterization.
All patients were catheterized in the Cardiac Catheterization Unit of the Roval Victoria Hospital. This was carried out under local anaesthesia in all but fourteen cases who were uncder 10 vears of age and in whom light general anesthesia was maintained.
Blood samples were obtained from the pulmonary artery, right ventricle, right atrium, superior and inferior venx cavx and femoral artery. A shunt from left to right at the atrial level was present in all cases and was calculated as described by Courniand et al. (1949) and expressed as a percentage of the pulmonary blood flow. The size of the shunt varied from 29 per cent. to 77 per cent. In three cases the shunt wvas bidirectional; two of these had associated pulmonarv valvular stenosis and one a low defect near the mouth of the inferior vena cava. Pressures were recorded by a strain-gauge electro-manometer during withdrawal of the catheter tip from the pulmonarv artery to the right atrium in thirty-six cases. In two cases the pulmonary arterv mean pressure was measured by a saline manometer anld found to be normal. The pulmonary artery pressures ranged from 54/10 to 10/7 mms. Hg.: in onie case the catheter tip could not be passed into the pulmonarv artery, and in one case it could not be introduced into the right ventricle. In two cases during the withdrawal of the catheter tip from the pulmonarv artery to the right ventricle there was an abrupt rise in systolic pressure at the pulmonarv valve of 105 and 100 mms. Hg. respectively, indicating coincident pulmonarv valvular stenosis.
In many patients the catheter was passed from the right auricle through the atrial septal defect into the left atrium.
Dye Crves.
In pre-operative assessment efforts were made to predict the presence of anomalous pulnmonarv venous drainage. Re-direction of anomalous veins into the left atrium may require a relatively long period of circulatory arrest necessitating cardio-pulmonarv bypass. The presence of one or more anomalouslyT draining pulnonarv veins from the right lung may be detected bv seeing the catheter pass into a pulmonaryxrvein directly from the right atrium or superior vena cava.
Anomalous venous drainage may be suggested by dye dilution records. Normallv when dye is injected rapidly into the pulmonary artery the dye concentration recorded in the systemic circulation by means of an earpiece oximeter shows a steep rise, followed by a rapid fall and then a further rise due to recirculation. The pattern is similar whether the dye is injected into the right or the left pulmonary artery. When a left to right shunt is present the peak dye concentration is lower and the subsequent decrease is much slower.
The anatomical relation of the normal right pulmonary veins to an atrial septal defect frequently results in a larger proportion of the blood from the right lung crossing the defect than that from the left lung. Hence in the presence of an atrial septal defect dye curves obtained following injection into the right and left pulmonary arteries mav differ somewhat. However, when an atrial septal defect is complicated by anomalous pulmonary venous drainage marked differences in records are apparent.
OPERATION. Procedure.
All patients were cooled by immersion of the whole body in a bath at 100 C. after induction of an-xsthesia. Body temperature was monitored bv an aesophageal thermocouple. The patient was removed from the bath as the cesophageal temperature fell to 34°or 320 depending on the amount of body fat. The afterdrop usually ensured that the bodv temperature was at [30] [31] Normal heart action could not be restored.
Case 25 was a 6-year-old girl with exertional dyspncea. She had nmarked right ventricular hypertrophy on the electrocardiogram, marked increase in hilar vascularity in the X-ray of the chest, a shunt of 60 per cent. of the pulmonary blood flow, and a normal pulmonary artery pressure. At operation a central defect was repaired at a body temperature of 31°C. and with circulatory arrest for 5j ininutes. At the conclusion of the operation the heart, formerly in normal sinus rhythm, stopped. The wound was reopened, cardiac massage instituted and normal cardiac action restored. She was returned to the ward. Cardiac arrest recurred some two hours later, which massage could not correct. At post-mortem, in addition to the closed central defect a sinus venosus defect (vide infra) was discovered.
Type of Defect.
Septum secunidum defect is the coinmonest variety of atrial septal defect, and is caused by maldevelounmcnt of the septunm sccuiidund, usually in its upper part. It must be distinguished from septum primum defect caused by malfusion of the septum primum with the atrio-ventricular septum. Septum primum is usually associated with a cleft in the mural cusp of the nmitral valve and a defect in the membranous part of the inter-ventricular septumii. This defect is too complex to repair in under tcn nminutes and no such cases are submitted to surgery under hypothermia. Septunm primum is usually associated with left axis shift on the electrocardiogram. All cases in the present series had defects of the septum secundum type.
Four varieties of secundum defect were encountered: -(i) Central, with the defect in the foramen ovale position, (ii) inferior, with the defect extending down to the mouth of the inferior vena cava, (iii) posterior, with no posterior septal rim, and (iv) sinus venosus defect, where the defect is high near the superior vena cava. In the present series there were thirty central defects, seven inferior defects, and two posterior defects. One case (No. 25) had a sinus venosus defect in addition to a central defect and one (No. 11) had almost an atrium communis. Post-operative Period.
Both pleural cavities were drained with tubes leading to underwater seals. After twenty-four hours all bleeding having ceased, the drains were removed. Prophylactic penicillin and streptomycin were administered to all patients. Intensive physiotherapy, both before and after the operation, was employed because of difficulty with ventilation and coughing due to the extensive incision in the chest. The post-operative period was uneventful in the large majority of cases, although a few had nmild chest infection. There was one post-operative death.
Case 8 was a 48-year-old mentally deranged woman who had been in right heart failure. The electrocardiogram showved incomplete right bundle branch block and the X-ray chest gross increase in hilar vascularity. The calculated shunt was 43 per cent. of the pulmonary blood flow and the pulmonary artery pressure 28/10 mms. Hg. A central-type defect was repaired easily in four minutes at 30.50 C. Following the operation she becanme catatonic. Poor pulmonary ventilation led to chest infection. Tracheotomy was carried out and bronchial aspiration was performed but death occurred oni the sixth post-operative day.
Post-operative Assessment.
The thirty-six surviving cases have now been followed up for periods of between one month and two years. All have reported relief of their symptoms and a nmarked improvement in their health. Many have noted a decreased frequencv of chest infections formerly a pronminent feature of their condition.
A number of the children have grown at increased rates. The two patients who were in congestive heart failure are now well.
Occasionallv it may be difficult to be certaiin that the defect is completely closed, since in some cases the pulmonary nmurmur persists, presunmably due to delayed regression of the dilated pulmonary trunk. Electrocardiographic signs nmay be slow in resolving and comparison of the pre-and immediately postoperative chest films is not always of value in assessing closure of the defect.
The change from fixed splitting of the pulmonary second sound pre-operatively to mobile splitting post-operatively is useftul evidence of closure. Prior to operation the splitting of the second heart sound does not vary with respiration due to persistent overfilling of the right heart by blood fronm the left atriunm through the atrial defect. Post-operative increased splitting on inspiration is due to an increase in right heart filling during this phase of respiration.
DiscusSiON.
The efficacy of anv operative procedure must be determined by comparison of the results in patients so treated with those in patients who have not had surgery. Campbell Neill and Suzman (1958) have studied patients with atrial septal defect wZho had not had surgical closure. They showed that the number of cases who were in trouble or who had died rose slowly in the early decades of life, more rapidly in the 30 to 40 year age group and that by 40 to 50 years of age the large majority were dead, in congestive heart failure, or had developed pulmonarv hypertension with reversal of the shunt (Eisenmenger syndrome). Thev concluded that the appearance of atrial fibrillation or colngestive cardiac failure were associated with a very poor prognosis, death usually occurring within two vears.
It is obviously impossible at this stage to obtain a comparable follow-up study to assess a method of treatment so recently introduced in a disease which runs sLuch a iong and variable course. Howvever, it is reasoniable to assume that operative closure wvill he beneficial and the studv of Campbell et al. suggests that the procedure should be carried out earlv in the course of the disease.
In the present series of patients there were three operative deaths (7.5 per cent.). It should be noted that in one case death was due to coronlary sinus closure, in one case a sinus venosus defect was not closed, and that the third was a poor risk, a child of two vears who had been in congestive heart failure. There have been no operative deaths in the last fifteen cases.
We suggest that all septum secundum defects of appreciable size should have surgical repair before serious cardiac embarrassment has occurred. SuMM MARY.
Fortvr patients xvith atrial septal defect of the septum secundum type have had surgical closure of the defect.
The pre-operative, operative, and post-operative findinigs are described. In view of the relatively low operative mortalitv and the poor prognosis in the uncorrected case, early surgical repair is advised in selected cases.
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